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Abstract: 7KHPHFKDQLFDO FKDUDFWHUL]DWLRQ RI FRPSRVLWH PDWHULDOV LV D UHVHDUFK D[LV RI
VFLHQWLILFDQGHFRQRPLFLPSRUWDQFH,QIDFWLWLVHVVHQWLDOWRPHDVXUHWKHHODVWLFFRQVWDQWV
RI D PDWHULDO ZLWK DFFXUDF\ LQ RUGHU WR UHDOL]H VWUXFWXUDO DQDO\VLV DQG WR RSWLPL]H WKH
GHVLJQ$PRQJ WKH GHYHORSHGPHWKRGV WKH VWDWLFPHWKRGV EDVHG RQ VWUDLQPHDVXUHPHQW
SUHVHQW VRPHGLVDGYDQWDJHVGHVWUXFWLYHHYDOXDWLRQDQGGLIILFXOWLHVRIPHDVXULQJ WKHRXW
RISODQHHODVWLFPRGXOXVEHFDXVHRIWKHWKLQQHVV7KHVHGLVDGYDQWDJHVFRXOGEHDYRLGHGE\
WKH XVH RI QRQGHVWUXFWLYH G\QDPLFPHWKRGV VXFK DVPRGDO DQDO\VLV RU XOWUDVRQLFZDYHV
HYDOXDWLRQ$PRQJWKHQRQGHVWUXFWLYHPHWKRGVXOWUDVRXQGVDUHHIILFLHQW%HVLGHVEHFDXVH
RI WKH DFFXUDF\ RI WKH UHVXOWV DVZHOO DV WKH UHSHDWDELOLW\ RI WKHPHDVXUHV VFLHQWLVWV DUH
JHQHUDOL]LQJWKLVPHWKRG7KLVSDSHUSUHVHQWVDZD\WRGHWHUPLQHWKHPHFKDQLFDOSURSHUWLHV
RI FDUERQ ILEHU FRPSRVLWHPDWHULDOV 7KLV ZRUN XQGHUOLQHV WKH UHVXOWV REWDLQHG RI SKDVH
YHORFLW\ DW GLIIHUHQW LQFLGHQW DQJOHV ZLWK D G\QDPLF FKDUDFWHUL]DWLRQ PHWKRG ZKLFK LV
GHYHORSHGDVSDUWRIQRQGHVWUXFWLYHHYDOXDWLRQE\XOWUDVRQLFZDYHV
Keywords: 8OWUDVRQLF LPPHUVLRQ WHVWLQJ (ODVWLF FRQVWDQWV PHDVXUHPHQW 0DWHULDO
FKDUDFWHUL]DWLRQ2UWKRWURSLFODPLQDWHGFRPSRVLWH


1. Introduction 
7KHXVHRIFRPSRVLWHVLQWKHDHURVSDFHLQGXVWU\KDVLQFUHDVHGGUDPDWLFDOO\VLQFHWKHV>@7KH
SULPDU\ EHQHILWV WKDW FRPSRVLWH FRPSRQHQWV FDQ RIIHU DUH WKH UHGXFWLRQ RI ZHLJKW DQG WKH
VLPSOLILFDWLRQRIDVVHPEO\&RPSRVLWHPDWHULDOVVXFKDVFDUERQILEHUUHLQIRUFHGFRPSRVLWHVDUHYHU\
XVHGIRUPDQ\VWUXFWXUDODSSOLFDWLRQV7KHGHWHUPLQDWLRQRIPHFKDQLFDOSURSHUWLHVLVFULWLFDOWRSURYLGH
SHUIRUPDQFH WR WKH VWUXFWXUH ,Q DGGLWLRQ WKH NQRZOHGJH RI FRPSOHWH HODVWLF VWLIIQHVV PDWUL[ LV
LPSRUWDQW IRUPRGHOLQJDQGHYDOXDWLQJ WKHPHFKDQLFDOEHKDYLRURIFRPSRVLWHPDWHULDOVXQGHUVHYHUH
ORDGLQJFRQGLWLRQV>@

7KHGHVLJQRIPRVWFRPSRVLWHVLVEDVHGRQ WKHLUVWLIIQHVVDQGPHWKRGVIRUVWDWLFPHDVXUHPHQWRI
VWLIIQHVVDUHLQZLGHXVH>@7KHGLVDGYDQWDJHVRIWKHVHPHWKRGVDUHVRPHHQJLQHHULQJFRQVWDQWVRI
DQLVRWURSLFPDWHULDOV DUH GLIILFXOW WRPHDVXUH WKH\ DUH GHVWUXFWLYH LQ QDWXUH KLJK FRVWV LQYROYHG LQ
SURGXFLQJVDPSOHVRIGHVLUHGVKDSHDQGVL]HDQGLQVLWXPHDVXUHPHQWVDUHGLIILFXOW>@7KHUHH[LVWV
D FODVVLFDO XOWUDVRQLF WHFKQLTXH IRU GHWHUPLQLQJ HODVWLF FRQVWDQWV RI FRPSRVLWHV E\ FXWWLQJ VDPSOHV
IURPWKHFRPSRVLWHVWKHQWKHHODVWLFFRQVWDQWVFDQEHGHWHUPLQHGZKHQWKHQXPEHURIPHDVXUHPHQWV
LVHTXDO WR WKHQXPEHURIXQNQRZQLQGHSHQGHQWVWDWLFFRQVWDQWV>@+RZHYHUWKHVHPHWKRGVDUH
GHVWUXFWLYH UHTXLULQJ FXWWLQJ WKH VDPSOHV LQ VSHFLILF GLUHFWLRQV ,W LV WKHUHIRUH LPSRUWDQW WR KDYH
DQRWKHU WHFKQLTXH WR HYDOXDWH WKHPHFKDQLFDO SURSHUWLHV RI FRPSRVLWHPDWHULDOV DIWHUPDQXIDFWXULQJ
DQGLQVHUYLFHLQRUGHUWRPDNHWKHFRUUHFWPDLQWHQDQFHRUUHSODFHPHQW>@

8OWUDVRQLFWHFKQLTXHVDUHTXDOLILHGIRUQRQGHVWUXFWLYHPHDVXUHPHQWRIWKHHODVWLFFRQVWDQWVLQVXFK
PDWHULDOV(ODVWLFFRQVWDQWVDUHGHWHUPLQHGE\PHDVXULQJXOWUDVRQLFZDYHYHORFLWLHVZKLFKDUHUHODWHG
WRWKHPDWHULDOSURSHUWLHV>@7RPHDVXUHWKHHODVWLFFRQVWDQWVQRQGHVWUXFWLYHO\VHYHUDOXOWUDVRQLF
EXONZDYHPHWKRGVKDYHEHHQGHYHORSHG WRPDNHSKDVHYHORFLW\PHDVXUHPHQWV LQDQLVRWURSLFSODWHV
ZKHQ RQO\ RQH RU WZR VLGHV RI WKH VDPSOH DUH DFFHVVLEOH >@ 7KLV WHFKQLTXH DOORZV WR JHW SKDVH
YHORFLW\ DQG WKXV WKHHODVWLF FRQVWDQWV FDQEHGHWHUPLQHG IURP WKHPHDVXUHGSKDVHYHORFLW\GDWD E\
LQYHUWLQJWKH&KULVWRIIHOHTXDWLRQ>@

7KHUHDUHWZRSRVVLEOHPHWKRGVWRPDNHWKHH[SHULPHQWWKURXJKWUDQVPLVVLRQDQGEDFNUHIOHFWLRQ
WHFKQLTXHV>@7KURXJKWUDQVPLVVLRQPHWKRGUHTXLUHVWZRWUDQVGXFHUVRQHIRUVHQGWKHZDYHWKURXJK
WKHVDPSOHDQGWKHVHFRQGWUDQVGXFHUWRUHFHLYHWKHWUDQVPLWWHGZDYH$VWKHXOWUDVRQLFZDYHWUDYHOV
WKURXJKWKHWHVWVDPSOH WKHZDYHLVUHIOHFWHGLQSDUWDV LWHQFRXQWHUVDPHGLXPRIGLIIHUHQWDFRXVWLF
LPSHGDQFH7KHQWKHUHIOHFWHGZDYHLVUHFHLYHGE\WKHWUDQVGXFHUDQGGLVSOD\HGRUVWRUHGIRUDQDO\VHV
,QWKHEDFNUHIOHFWLRQWHFKQLTXHLQVWHDGRIWKHUHFHLYLQJWUDQVGXFHUDODUJHIODWUHIOHFWRULVXVHGZKLFK
LV RULHQWHG SDUDOOHO WR WKH WUDQVPLWWHU 7KH PDMRU DGYDQWDJH RI WKLV PHWKRG LQ UHVSHFW WR WKURXJK
WUDQVPLVVLRQWHFKQLTXHLVWKDWZKHQWKHVDPSOHDQJOHLVFKDQJHGWKHSRVLWLRQRIWKHLQFLGHQWEHDPRQ
WKHEDFN UHIOHFWRU FKDQJHV EXW WKLVGRHVQRW DIIHFW WKHSRVLWLRQRI WKHEHDPDUULYLQJDW WKH UHFHLYHU
WUDQVGXFHU WKXV HOLPLQDWLQJ WKH QHFHVVLW\ RI PRYLQJ HLWKHU WKH UHIOHFWRU RU WKH WUDQVPLWWHUUHFHLYHU
WUDQVGXFHU7KHEDFNUHIOHFWHGZDYH WUDYHOVDORQJH[DFWO\ WKHVDPHSDWK DV WKH LQFLGHQWZDYH LQ WKH
RSSRVLWHGLUHFWLRQ>@DQGDUULYHVDWWKHWUDQVGXFHUZKLFKZRUNVLQSXOVHHFKRPRGH

)RU D WUDQVYHUVHO\ LVRWURSLF FRPSRVLWH PHDVXUHPHQWV LQ V\PPHWU\ SODQHV DUH VXIILFLHQW WR
GHWHUPLQH WKH ILYH LQGHSHQGHQW HODVWLF FRQVWDQWV >@+RZHYHU HYHQ IRU D XQLGLUHFWLRQDO FRPSRVLWH
RUWKRWURS\PD\DSSHDUGXHWRXQHYHQILEHUGLVWULEXWLRQRUPDWUL[WH[WXUH)RUDQRUWKRWURSLFFRPSRVLWH
LW LV SRVVLEOH WR GHWHUPLQH VHYHQ RI LWV QLQH HODVWLF FRQVWDQWV IURP XOWUDVRQLF EXON ZDYH YHORFLW\
PHDVXUHPHQWVLQWZRDFFHVVLEOHV\PPHWU\SODQHV&KXHWDO>@DQG%DVWHHWDO>@GHPRQVWUDWHGWKDW
WKH WZR UHPDLQLQJHODVWLF FRQVWDQWV& DQG& DUHQRWPHDVXUDEOHXVLQJ DQ LPPHUVLRQPHWKRG LQ
WKHVH WZR SODQHV RI V\PPHWU\ 7KLV OLPLWDWLRQ LV UHPRYHG ZKHQ YHORFLWLHV DUH PHDVXUHG LQ D QRQ
V\PPHWU\ SODQH VLQFH WKUHH ZDYH W\SHV RQH TXDVLORQJLWXGLQDO DQG WZR TXDVLWUDQVYHUVH FDQ EH
H[FLWHGLQDQLPPHUVLRQH[SHULPHQW>@

,Q WKLVZRUN SKDVH YHORFLW\ LV FDOFXODWHG IURP WKHPHDVXUHG WLPH RI IOLJKW DW GLIIHUHQW LQFLGHQWV
DQJOHV XVLQJ QXPHULFDO PHWKRGV >@ IURP WKH XOWUDVRQLF LPPHUVLRQ WHFKQLTXH 7KH SKDVH YHORFLW\
LQIRUPDWLRQ FDQ EH WKHQ UHODWHG WR WKH PDWHULDO VWLIIQHVV FRQVWDQW XVLQJ FRPPHUFLDO SDUDPHWULF
LGHQWLILFDWLRQVRIWZDUH>@7KHGHWHUPLQDWLRQRIWKHHODVWLFFRQVWDQWVLVLQSURJUHVV
2. Theoretical background 
7KHHODVWLFFRQVWDQWV&LMNORIDJHQHUDOO\DQLVRWURSLFPHGLXPDQGWKHSKDVHYHORFLWLHV9SDUHUHODWHG
E\WKH&KULVWRIIHOHTXDWLRQHTXDWLRQ>@หܥ௜௝௞௟݊௜݊௟ െ ߜ௝௠ߩ ௣ܸଶห ൌ Ͳ 
ZKHUHQLLVDXQLWYHFWRULQWKHZDYHSURSDJDWLRQGLUHFWLRQDQGȡLVWKHGHQVLW\(TXDWLRQDOORZVWR
GHWHUPLQH WKHHODVWLFFRQVWDQWV IURPWKHSKDVHYHORFLW\ LQSDUWLFXODUSURSDJDWLRQGLUHFWLRQVXVLQJ WKH
LQYHUVH PRGHO >@ )URP WKH H[SHULPHQWDO YDOXHV IRU HDFK LQFLGHQW DQJOH DQG IURPPDWKHPDWLFDO
DQDO\VLV(TXDWLRQLWLVSRVVLEOHWRJHWWKHQLQHHODVWLFFRQVWDQWVWKURXJKDQRQOLQHDURSWLPL]DWLRQ
WHFKQLTXH>@

7KHHODVWLFVWLIIQHVVPDWUL[IRUDQRUWKRWURSLFPDWHULDOLVJLYHQE\HTXDWLRQ
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
7RFDOFXODWHWKHYHORFLW\RISURSDJDWLRQLQWKHPHGLXPLWLVUHTXLUHGWRILQGH[DFWWLPHRIWUDYHOLQ
WKHVSHFLPHQ IRU WKHJLYHQDQJOHRISURSDJDWLRQ([DFW WLPHRI WUDYHO LVGHWHUPLQHGXVLQJ WKHFURVV
FRUUHODWLRQWHFKQLTXH>@,WUHTXLUHVDUHIHUHQFHVLJQDODQGLQWKLVFDVHWKHVLJQDOUHFRUGHGZLWKRXW
WKH VDPSOH RQO\ZDWHU LV WKH UHIHUHQFH VLJQDO ,I WKH WLPHRI IOLJKW DORQJ WKH UHIHUHQFH SDWK LQ WKH
FRXSOLQJPHGLXPZDWHULVVXEWUDFWHGIURPWKHRYHUDOOWLPHRIIOLJKWDORQJWKHSDWKLQWKHVDPSOHDWD
JLYHQLQFLGHQWDQJOHZHJHWWLPHWKDWWKHXOWUDVRQLFZDYHWDNHVWRSDVVWKURXJKWKHPDWHULDO7KLVWLPH
GLIIHUHQFHǻWLVWKHQXVHGLQHTXDWLRQWRFDOFXODWHWKHSKDVHYHORFLW\9S5RNKOLQHWDO>@H[SODLQHG
WKHPDWKHPDWLFDOSURFHVVWRREWDLQHTXDWLRQLQIXQFWLRQRIǻWWKHUHIHUHQFHYHORFLW\LQWKHZDWHU9
WKHLQFLGHQWDQJOHșLWKHWKLFNQHVVRIWKHVDPSOHKDQGWKHYHORFLW\LQWKHLPPHUVLRQIOXLG9

௣ܸሺߠ௥ሻ ൌ ቆ ͳܸ଴ଶ െ ߂ݐ  ߠ௜݄ ଴ܸ ൅ ሺ߂ݐሻଶͶ݄ଶ ቇିଵȀଶ 
7KHQ WKH SURSDJDWLRQ DQJOH FDQ EH FDOFXODWHG ZLWK WKH 6QHOO¶V ODZ >@ VKRZHG LQ HTXDWLRQ 
ZKHUHșL LQFLGHQFHDQJOHUDGLDQVșU UHIUDFWHGDQJOHUDGLDQV9 YHORFLW\LQZDWHUPVDQG9S
 YHORFLW\LQWKHVSHFLPHQPV ߠ௥ ൌ ିଵ ቆ ௣ܸሺߠ௥ሻ  ߠ௜଴ܸ ቇ 
7KHSKDVHYHORFLW\DQGLWVSURSDJDWLRQDQJOHFDQEHXVHGLQWKH&KULVWRIIHOHTXDWLRQHTXDWLRQWR
GHWHUPLQDWHWKHHODVWLFFRQVWDQWVRIWKHPDWHULDO7RVROYHHTXDWLRQRQHFDQXVHWKHQRQOLQHDUOHDVW
VTXDUH RSWLPL]DWLRQ WHFKQLTXH 7KLV WHFKQLTXH PLQLPL]HV WKH GHYLDWLRQV EHWZHHQ WKHPHDVXUHG DQG
FDOFXODWHG XOWUDVRQLF YHORFLWLHV DW GLIIHUHQW DQJOHV RI SURSDJDWLRQ E\ GHWHUPLQLQJ WKH VHW RI HODVWLF
FRQVWDQWV 7KH UHVROXWLRQ SURFHVV LV YDOLG IRU PDWHULDOV RI DUELWUDU\ DQLVRWURS\ DQG IRU DUELWUDU\
GLUHFWLRQV
3. Specimen and experimental setup
6SHFLPHQ
$ FDUERQ ILEHU UHLQIRUFHG FRPSRVLWH LV XVHG WR FDOFXODWH LWV HODVWLF FRQVWDQWV IURP WKH SKDVH
YHORFLW\7KHVDPSOHLVPDGHRIXQLGLUHFWLRQDOSOLHVRISUHSUHJ6DPSOHIDEULFDWLRQLVPDGHXVLQJ
WKHPDQXDO OD\XS WHFKQLTXH7KHQ WKHVDPSOH LVFXUHGDW&IRUPLQXWHVDQGDSUHVVXUHRI
%DUV7KHVDPSOHGLPHQVLRQVDUH[[PP7KHGHQVLW\RIWKLVFRPSRVLWHLVJLYHQE\WKH
PDWHULDO PDQXIDFWXUHU >+H[FHO &RUSRUDWLRQ@  NJP 7KLV VDPSOH LV UHSUHVHQWDWLYH RI DQ
RUWKRWURSLFFRPSRVLWH(YHQLI WKHSOLHVDUHSODFHGXQLGLUHFWLRQDOO\RUWKRWURS\PD\DSSHDUDV LWZDV
GHVFULEHGLQVHFWLRQ
([SHULPHQWDOVHWXS
,Q WKH SUHVHQW ZRUN WKH XOWUDVRQLF YHORFLWLHV DUH PHDVXUHG IRU GLIIHUHQW RULHQWDWLRQV RI ZDYH
SURSDJDWLRQLQWKHVDPSOH7KHLPPHUVLRQXOWUDVRQLFWHFKQLTXHLVXVHG)RUWKLVWHFKQLTXHZDWHUDFWV
DV D FRXSODQW WR WUDQVIHU WKHPHFKDQLFDO HQHUJ\ IURP WKH WUDQVGXFHU WR WKH VDPSOHXQGHU LQVSHFWLRQ
7KHWUDQVGXFHULVQRWLQGLUHFWFRQWDFWZLWKWKHVDPSOHDQGKHQFHFRQVLVWHQWFRXSOLQJLVHQVXUHG,QWKLV
ZD\ LW LV SRVVLEOH WR PHDVXUH WKH YHORFLWLHV DW GLIIHUHQW DQJOHV RI SURSDJDWLRQ HLWKHU E\ DGMXVWLQJ
WUDQVGXFHURULHQWDWLRQRUE\URWDWLQJWKHVDPSOHZLWKUHVSHFWWRWKHWUDQVGXFHUV>@,QWKLVVSHFLILF
ZRUNWKHVHWXSZDVPDGHLQVXFKDZD\WKDWWKHVDPSOHLVKHOGDQGURWDWHGXVLQJDURWDWLRQV\VWHPWR
SURYLGHGLIIHUHQWDQJOHVRISURSDJDWLRQ)LJDQG$VXOWUDVRQLFJHQHUDWRUDQ2PQLVFDQ35
LV XVHG ZLWK D PRQRHOHPHQW WUDQVGXFHU FRQQHFWHG WR LW 7KH WUDQVGXFHU LV ERWK XOWUDVRQLF VRXUFH DQG
UHFHLYHU DW WKH VDPH WLPH UHIOHFWLRQPRGH7KH IUHTXHQF\RI LW LV 0+] ,Q WKH SUHVHQWZRUN EDFN
UHIOHFWLRQWHFKQLTXHH[SODLQHGLQVHFWLRQLVXVHG)LJ)LJXUHVKRZVWKHH[SHULPHQWDOVHWXSIRU
WKHEDFNUHIOHFWLRQ LPPHUVLRQ WHFKQLTXH7UDQVGXFHUEDFNUHIOHFWRU DQG VSHFLPHQZHUH FKHFNHG IRU
DOLJQPHQWDWQRUPDOLQFLGHQFH


Figure 1.6FKHPDWLFRIEDFNUHIOHFWLRQWHFKQLTXH>@șLLVWKHLQFLGHQWDQJOHDQGșULVWKH
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Figure 2.%DFNUHIOHFWLRQLPPHUVLRQVHWXS(a),QFLGHQWDQJOH (b),QFLGHQWDQJOH
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SHUSHQGLFXODUWRWKHLQFLGHQFHSODQHE\DQDQJOHșL$WHDFKVHWRIDQJOHVWKHWLPHRIIOLJKWLVPHDVXUHG
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Figure 3.,QFLGHQWDQJOHDQGUHIUDFWHGDQJOH
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4. Results 
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SODQH
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Figure 6.3KDVHYHORFLW\YVUHIUDFWHGDQGLQFLGHQWDQJOHIRUĭ SODQH
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
7KHORQJLWXGLQDOZDYHSURSDJDWLQJLQ±SODQH)LJVKRZVDQLVRWURS\RIWKHPDWHULDOVLQFHWKH
YHORFLW\ LV GHFUHDVLQJZLWK WKH LQFLGHQW DQJOH )LJ  7KH VKHDU YHORFLW\ LQ ± SODQH LV DOPRVW
FRQVWDQW IRU DOO DQJOHVRISURSDJDWLRQEHWZHHQ ILUVW șFUDQGVHFRQGFULWLFDO șFUDQJOHVH[KLELWLQJ
WUDQVYHUVHO\LVRWURS\RIWKHPDWHULDO)LJ%HFDXVHRIWKHDQLVRWURS\RIWKHPHGLXPLQ±SODQH
ERWKORQJLWXGLQDODQGVKHDUYHORFLWLHVDUHFKDQJLQJZLWKWKHDQJOH7KHORQJLWXGLQDOZDYHYHORFLW\LQ
± SODQH LV LQFUHDVLQJ ZLWK WKH LQFUHDVH LQ LQFLGHQW DQJOH ZKHUHDV WKH VKHDU ZDYH YHORFLW\ LV
GHFUHDVLQJZLWKDQJOH)LJ

,W LV LQWHUHVWLQJ WR QRWH WKDW DWĭ    )LJ  H[FHSW IRU VRPH VFDWWHU WKH PHDVXUHG SKDVH
YHORFLWLHV DUH DOPRVW LQGHSHQGHQW RI WKH UHIUDFWLRQ DQJOH LQGLFDWLQJ WKDW WKLV SDUWLFXODU FRPSRVLWH
VDPSOH LV LQ IDFW DOPRVW QHDUO\ WUDQVYHUVHO\ LVRWURSLF LQ WKH SODQH QRUPDO WR WKH ILEHUV:KHQ WKH
LQFLGHQWSODQHLVQRWDSODQHRIV\PPHWU\VXFKDVĭ DOOWKHHODVWLFZDYHVVKRXOGEHH[FLWHGLQ
WKHVROLGDWREOLTXHLQFLGHQFH

7KHVH WKUHHPHDVXUHPHQWV ĭ DQGDUHHQRXJK WRFDOFXODWH WKHHODVWLFFRQVWDQWVE\
PDWKHPDWLFDOPHWKRGVDVH[SODLQHGLQVHFWLRQVDQG7KHFDOFXORIWKHQLQHHODVWLFFRQVWDQWVIRUWKLV
PDWHULDOLVLQSURJUHVV
5. Conclusions  
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DQLVRWURS\FDQEHXVHGIRUSKDVHYHORFLW\GHWHUPLQDWLRQ

7KH WKURXJKWUDQVPLVVLRQ PHWKRG XVHG LQ SUHYLRXV ZRUNV UHTXLUHV SUHFLVH DGMXVWPHQW RI WKH
SRVLWLRQ RI WKH UHFHLYLQJ WUDQVGXFHU ZKLFK LV QHFHVVDU\ IRU DQ DQLVRWURSLF SODWH VFDQQLQJ LQ WZR
GLPHQVLRQV7KLVVLJQLILFDQWO\FRPSOLFDWHVWKHPHDVXUHPHQWSURFHVVDQGUHGXFHVSUHFLVLRQ7KHEDFN
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
UHIOHFWLRQ WHFKQLTXH LV IUHH IURP WKLV GLVDGYDQWDJH VLQFH WKH EDFNUHIOHFWHG XOWUDVRQLF ZDYH JRHV
WKURXJK WKH SDWK LQYHUVH WR ZKLFK LW FDPH DQG LV UHFHLYHG E\ WKH VLQJOH WUDQVPLWWLQJUHFHLYLQJ
WUDQVGXFHUZRUNLQJLQSXOVHHFKRPRGH
)LQDOO\UHFRQVWUXFWLRQRIWKHHODVWLFFRQVWDQWVIURPXOWUDVRQLFGDWDFDQEHGRQHE\QRQOLQHDUOHDVW
VTXDUHRSWLPL]DWLRQ7KHDGYDQWDJHRIXVLQJGDWDIURPQRQV\PPHWU\SODQHVLV WKDW WKHZKROHVHWRI
HODVWLF FRQVWDQWV IRU DQ RUWKRWURSLF PDWHULDO FDQ EH REWDLQHG XVLQJ WKH EDFNUHIOHFWLRQ PHWKRG
GHVFULEHG LQ WKLVZRUNZLWKRXWDGGLWLRQDOGDWD LQSODQHVSDUDOOHO WR WKHVDPSOHVXUIDFHVXFKDVGDWD
IURPWKHFULWLFDODQJOHPHWKRG
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